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release compositions comprise a drug having an acid or basic functionality and a 
physiologically harmless carboxylic acid chemisorbed on the particles of a latex 
of a polymer containing acidic and/or basic groups the functionality of which is 
complementary to that of the drug and which is hydratable (at least to the extent 
that it swells) in the gastrointestinal tract. Suitable polymers are those formed by 
the emulsion polymerisation of such monomers as acrylic, methacrylic, crotonic, 
itaconic and maleic acids, half esters of maleic acid, maleic anhydride, 
sulphonated and phosphonated styrene, vinylamine and aminoalkyi esters of the 
above acids. Copolymerizates thereof, e.g. with vinyl compounds, acrylates, 
methacrylates and acrylonitrile may also be employed. The acid may be a mono- 
or polycarboxylic acid e.g. acetic acid, glycine, oxalic, malonic, succinic, glutaric, 
adipic, maleic, fumaric, citric or tartaric acid and numerous drugs and drug types 
are mentioned. The compositions may be made by adding solutions of the drug 
and acid to an emulsion (latex) of the resin. The product may be used as such in 
a liquid preparation or the resin may be separated e.g. by filtration, centrifugation, 
spray-drying &c either with or without initial flocculation as by addition of an 
electrolyte. Specific examples relate to preparations in which the drugs are 
methapyrilene, chlorpheniramine, phenylephrine, phenylpropanolamine, 
pyrilamine, atropine and oxytetracycline (all as salts) and phenobarbital, the 
resins being anionic acrylic copolymers and styrene-acrylic nonionic polymer. A 
different drug or some of the same drug may be present in the particles which is 
not chemisorbed but is merely physically entrapped. Data supplied from the 
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(54) IMPROVEMENTS IN OR RELATING TO CONTROLLED 
RELEASE PHARMACEUTICAL COMPOSITIONS 



(71) I, Gilbert Steven Banker, a 
citizen of the United States of America, of 
School of Phannacy, Purdue Universiity, 
Lafayette, Indiana 47907, United States of 

5 America, do hereby declare the invention, for 
which I pray that a patent may be granted to 
me, and the method by which it is to be per- 
formed, to be particularly described in and by 
the following statement: — 

10 This invention relates to controlled release 
pharmaceutical compositions for example to 
compositions having sustained release, enteric 
or delayed release properties, and to methods 
of preparation of tliese compositions. By con- 

15 trolled release the rate of dissolution and 
availability of the drug, that is to say the sub- 
stance for use in the diagnosis, cure, mitigation, 
treatment or prevention of disease in man or 
other animal, may be regulated so that the 

20 quantity of drug which is released at a par- 
ticular time or a pardcular site is enhanced. 

Heretofore, a variety of techniques have 
bene used to provide protective coverings for 
druge so as to impart sustained release or con- 

25 troHed release or to make oral admim'stradon 
more palatable or even feasible. These prior 
art pharmaceutical prepartion methods include 
encapsulating the drug, coating granules or 
tablets of drugs with films of suitable 

30 materials, combining the drug with an ion ex- 
change resin, chemically combining a basic 
drug in an acidic polymer gel or physically 
entrapping the drug in a polymer matrix. The 
very variety of available processes itself illus- 

35 trates bcdi the range of problems posed in 
formulating pharmaceutically active materials 
and the need for improved processes offering 
greater control, flexibility and economy. 
Many drugs used in oral liquid dosage 

40 forms, such as cough preparations, including 
solutions, syrups, or suspensions, are absorbed 
at an unccntrclled, non-optional rate in the 
human system and the administration is made 
difficult, unpleasant, and potentially mors 

45 dangerous than is necessary. The mddence of 
undesirable side effects such as nausea, dizzi- 



ness, visual disturbances or profuse sweating 
accompany many drugs, particularly when 
rapid adsorption produces high peak blood 
levels which touch the t03dc range. With such 50 
oral preparations, some drugs produce a bitter 
taste or numbing of the tongue and surround- 
ing mucous membranes. Tliese side effects 
make these prior oral pharmaceutical prepara- 
tions very unpalatable, unpleasant, occasionally 55 
toxic and more hazardous than necessary. By 
inhibiting release or by providing gradual re- 
lease of the drug at absorption sites, (a) un- 
desirable peaking of blood levels is reduced 
and drug safety may be improved, (b) drug 60 
dissolution may be retarded until the drug has 
passed sites of high acidity where the drug is 
more prone to decomposition, (c) drug release 
may be retarded to avoid irritation in the 
stomach, or an emetic effect due to drug dis- 65 
solution in the stomach, or (d) drug release 
may be dela5'ed to make the drug available 
at desirable sites of absorption at a high drug 
concentration for imp^roved absozption. 

The compositions of die present invention 70 
help to alleviate problems and difficulties 
associated with jmor art compositions by re- 
leasing the drug in a controlled manner so 
that it may have, for example, sustained, 
enteric slowed or delayed effect. The composi- 75 
tions of the invention, may be less expensively 
produced than many of the compositions of 
the prior art; the necessity for expensive coat- 
ing apparatus and skilled coating personnel 
being eliminated. The methods of the inven- 80 
tion permit their application to aH drugs hav- 
ing basic or acidic group in the drug moiety. 

Moreover, the invention is adaptable to use 
of what is known in the art as "bridging 
moieties" to promote sorption of cationic drug 85 
moieties and to facilitate sorption of amonic 
cr amphoteric drugs. Pharmaceutical composi- 
tions orepared in accordance with the present 
invention are adapted for oral administration 
in any of the com-mtional soKd or liquid oral 90 
dosage forms, for example as tablets, capsules, 
powder or as a suspension of powders in a 
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liquid vehicle. The mctlicd of the invention 
is particularly suitable in preparing accurate 
dosage units of highly potent drugs, since the 
methods are charaaerised by their molecular 
5 or ionic scale sorption-mixability capabiIit}^ 
According to the invention there is provided 
a controlled release, orally adrainistrable phar- 
maceutical composition comprising a drug 
having acid or basic functionality chemisorbed 

10 to latex particles of a ph>'siologically harmless 
pol>'mer that is hydratable in the gastro-intes- 
tinal tract, and has acid or basic functionality 
complementaiy ro the functionality of the 
drug, and at least one phv-siologically harm- 

15 less carboxj'lic acid chemisorbed with the drug 
to the latext particles^ the composition ex- 
hibiting more prolonged release at a buffered 
pH of 4.5 tiian a corresponding composition 
free of the acid» 

20 In the process of the invention an aqueous 
latex of a pohmer having acidic and/or basic 
groups is contacted with a drug having basic 
and/or acidic groups in the presence of a carb- 
oxylic acid. In a preferred embodiment, the 

25 water is then removed and the product formu- 
lated into a suitable dosage form. 

Although the Applicants do not wish to be 
bound by theoretical supposition, it is beh'eved 
that the drug moleailes are chemically or 

30 physico-chemically bonded to the polymer 
chains; in addition, the extremely high sur- 
face area presented by the pohmer due to 
the colloidal size of the pol}Tner particles may 
result in adsorption of drug molecules on the 

35 surface of the polymer particles. Carbosylic 
adds appear to promote sorption of drug dur- 
ing the" process by which the drug is trapped, 
as well as to provide a further mechanism 
by which subsequent drug release may be con- 

40 trolled. The sicids may act as counter or pro- 
tective ions, retarding polymer flocculation or 
coagulation and/or as "bridging moieties", 
facilitating surface sorption of drug to poly- 
mer. 

45 As stated, the polmers used in the invention 
are in an aqueous latex. By "latex" is meant 
an aqueous dispersion of colloidal or near col- 
loidal pohmer particles. Conventionally a 
polvmer latex is produced by emulsion poly- 

50 merization and wil! have particle sizes in the 
micron and submicron range. Minor amounts 
of organic liqiuds, such as lower alkanols, 
which do not interfere with the polymer-dru^ 
reaction may be present , during the reaction. 

55 The functionality of the pohmer and drug 
must be complementary. Thus, if the polymer 
contains both basic and acidic groups, it may 
be used to react with bas^c dnigs or acidic 
drugs, and if the drug is both addic and basic, 

60 the polymer may be either basic or acidic. 
However, where the poI\Tner contains 
only addic groups, the drug must 
contain basic groups for chemisorption 
to occur although limited physical 

65 adsorption may exist. Similarly, where 



the pohmer is basic, the drug should be acidic 
except that where the added carboxylic acid is 
a polycarboxylic acid, this will supply, in situ, 
the complementar}' funaionality so that bodi 
the poh-mcr and drug can be fundamentally 70 
basic. 

As an additional means of controlhng drug 
release, drugs either may be entrapped in the 
presence of a soluble diluent component, or 
the soluble diluent may be added later in 75 
milling the dr\' polmer-drug produa with the 
soluble component serving to facilitate and 
accelerate subsequent drug dissolution release. 
Suitable exdpients include, for example, 
mannitol, lactose, urea, sorbitol, polyoxy- 80 
ethvlene givcols and sodiimi chloride. 

the methods of the invention may be highly 
reproducible, stoichiometric techniques for 
drug entrapment in which the level of entrap- 
ment, as well as the uniformity and degree of 85 
dnin: dispersion, may approach or may equal 
mciecular scale. 

The pol>Tners useful in the invention are 
widelv available commercially. Generally, these 
poh.-niers are produced by conventional emul- 90 
sion pohmerization and contain one or more 
mers having either basic or addic groups. 
Suitable acidic groups include for example 
carboxylate, sulfonate, and phosphonate. Suit- 
able monomers embodying these acidic radicals 95 
include acr\iic acid, methacr>^lic add, crotonic 
add, itaconic add, maleic add, half-esters of 
maleic acid, maleic anhydride, sulfonated 
st\-rene and phosphonated styrene. Suitable 
monomers containing basic functionality in- 100 
elude for example vinyl amine, the^ aminoalkyl 
esters of any of the aforesaid adds such as 
aminoethyl methacrv'Iate. These monomers 
mav be copolvmerized with ay other copoly- 
merizable monomer so long as the resultmg 105 
poh-mer does not produce any adverse physio- 
logical reaction. Pohmers useful in the inven- 
tion include for example, those produced by 
copclymerizing one or more of the above acidic 
or bosic monomers with vinyl acetate, vinyl 1 10 
propionate, vinyl ethers, hydroxyethyl meth- 
acndate, acr>^lonitriIe, ethylene, st>Tene, vinyl 
chloride and one or more alkyl acrylate or 
methacn-'late monomers. ^ 

The maximum amount of add in the co- 115 
polymer is determined by the solubility 
chnracteristics of the overall copolymer com- 
position, i.e., above a certain acid level it is 
not possible to form a latex. This level varies 
with the nature of the acid and of the mono- 120 
mers. Thus, methncniic add could be present 
in up to about 75°/- by wright when copoly- 
meri'zed with other monomers of median 
hvdrophobic properties such as the lower alkyl 
esters of acri'lic and merhacrv'iic add, while ^^-^ 
•^lightly more add could be used if the other 
monomer? were strongly hydrophobic, such as 
rriTen^. Converselv, the maximum add level 
would be lower for adds which are more 
srrongly hydropbJlic than methaaylic add, 130 
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such as maleic acid or acrylic acid. The pres- 
ence of nonionic hydrophilic groups, such as 
ether linkages or hydroxy groups, will also 
act to lower the maximum acid level. 

5 The minimum add level in the copolymer is 
detomined both by the aWlity of the polymer 
to entrap a reasonable amount of drug and 
by the ability of the polymer to be hydrated, 
e.g., swelled or even dissolved by digestive 

10 fluids either in the stomach (acid pH) or the 
small intestine (sHghtly basic pH). The swel- 
ling need not be great. The polymer contains 
sufficient add content if a dried powder pro- 
duced from the polymer approximately doubles 

15 in size in stomach or intestinal fluid at 37^C. 
This actions assists the dispersion of the drug 
making it available to the body more readily 
than would be the case if the polymer were 
inert to the digestive fluid. This is important 

20 in the polymer-drug products of the invention 
due to the moleodar scale of entrapment as 
opposed to the channels of drug created when 
dry polymer and drug are mixed and tabletted. 
Again die minimum amount of add will vary 

25 with the nature of the add and of the o±er 
monomers. Thus, for copolymers of medi- 
aoylic acid with monomers, of median hydro- 
phobic properties as defined ehovc, about 10% 
add is suitably present. More hydrophobic 

30 comonomers would reqm're a higher acid con- 
tent, while more hydrophilic comonomers 
(such as non-ionic solubilizing groups) or more 
hydrophilic adds (acrylic, maleic, etc.) would 
permit the use of lower add contents. 

35 The preferred latices foimd useful in tl^ 
practice of the invention are polymer products 
made by an emulsion process which are col- 
loidal dispersions of polymer, and are usually 
marketed as 20 to 60% solid dispersions, by 

40 weight. The latices of dispersed colloid of the 
polymer emulsions useful in the practice of 
the invention present a highly concentrated 
di^ersed polymer system of high molecular 
weight masterial, which is impossible to match 

45 in high concentration in solution due to solu- 
bility and viscosity limitations. For example, it 
has been estimated that such a typical polymer 
emulsion contains in the order of 10" or 100 
trillion polymer partides per cuWc centimeter 

50 of dispersion. 

Because of their ready commerdal avail- 
ability and siutable physical form, it is pre- 
ferred to use polymers produced by emulsion 
polymerization. Polymer dispersions produced 

55 by alternate processes may be used. For ex- 
ample, copolymers may be produced by non- 
aqueous dispersion polymerization, the organic 
phase then being replaced with water. These 
and otlicr polymerization techniques are well 

60 known to those skilled in the art and do not 
constitute the invention. 

The invention is applicable to all classes of 
drugs having addic and/or basic groups. 
Where the drug contains a basic nitrogen 

65 group, the drug may be used in the inventicm 



either as the free amine or as a salt as, for ex- 
ample, a hydrochloride or sulfate. 

Basic drugs indhide, for exanq>le, dextro- 
ami^etamine, racemic amphetamine, d-des- 
02^ephedrin, chlorpromazine, prochlorper- 70 
azine, trifluoperazine, methapyrilene, diphenyl- 
hydramine, chlorprophenpyramidamine, chlor- 
pheniramine, codeine, atropine, reserpine, 
strychnine, phenylephrine, phenazodne, pilo- 
carpine, morphine, homatropine, ephedrine, di- 75 
hydrocodeinone, pyrilamine and the like. 
Amphoteric drugs may also be used and in- 
clude, for example, penicillins and their salts, 
cephalosporins and their salts and derivatives. 
Acidic drugs useful in the invention include, 80 
for example, the barbiturates and aspirin. 

The great majority of drugs—perhaps as 
many as 90%— contain basic ftmctionality. 
Accordingly, the invention will be described in 
terms of a basic drug and an addic polymer, 85 
but it should be tmderstood that it is equally 
applicable to a basic polymer with an acidic 
drug, or, in certain drcumstances, with a 
basic drug and a basic polymer as described 
above. 90 

The adds useful in the invention comprise 
monocarboxylic adds as well as polycarboxylic 
acids provided they are sufficiently soluble in 
the reaction system, e.g. have suffident solu- 
biKty, to form salts with the drugs when the 95 
latter are basic. Even adds which are only 
sli«;htly water-soluble can be used since as dis- 
solved add is used up in the reaction, more 
will go into solution. Typical useful monocarb- 
oxylic adds are acetic add and aminoacetic 100 
acid (glycine). Useful polycarboxylic adds in- 
clude saturated aliphatic adds such as oxahc 
acid, malonic add, sucdnic add, glutaric add 
and adipic acid; unsaturated aliphatic adds 
such as maleic acid and fumaric add; hydroxy 105 
acids such as dtric acid and tartaric add; 
acids of a more complex functionality such as 
ascorbic add; and carbocyclic adds such as the 
phthalic adds. 

The carboxyh'c add additives can be added UO 
directly to the polymer-drug system or can 
be added as a carboxylate. Thus, the acid can 
be mixed with a solution of drug hydrochloride 
salt and polymer added thereto and floccu- 
lated. Alternatively, the add can be added to 115 
a solution of the drug and reacted therewith, 
and the drug-add carboxylate crystallized 
from solution; typically, the carboxylates are 
recrystallized from one to three times from an 
isoprcpanol/erher solution, and vacumn dried. 120 
The crystallized carboxylates are tiien mixed 
in solution with the polymers for the sorption- 
fiocculation step. In general^ the add and drug 
are mixed and/or reacted in approximately 
cquimolar concentrations (as in the examples, 125 
unless otherwise indicated). However, the ca^-fe- 
oxylic acid, e.g., a dicarboxylic add, may be 
added in less than cquimolar concentration 
but the resuking sorption increase will be 
somethmg less tisan the possible maximum, 130 
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albeit, greater *an if no caiboxylic add were 
utilized. 

The choice of a process by which the drug, 
acid and polymer arc conitjcted to interact to 

J produce the sustained release, delayed release, 
controlled release cr enteric final composition 
is highly flexible and includes pipeline mixing, 
countarcurrent mixing of opposing fluid 
streams, jet-stream mixing (i.e., jet stream in- 

10 jection of one liquid phase into the other or a 
couittercurrent stream of the other), tank mix- 
ing, or any related fluid mixing operation. 
Also it has been found that whe±er such mix- 
ing is high shear or low shear, during the sorp- 

15 tion and trapping process, and whether the 
rate of admlxtiu-e of one component with the 
other is high or low, has little general effect 
on the sorption and entrapment process. 
Where maximum ^ drug sorption is desirable, 

20 it has been found advisable to add the drug 
and acid in solution to the pohmer emulsion. 
It is not essential for the drug or drag salt to 
be completely soluble In the aqueous phase, 
but cnly to furnish a higher ccnceniration of 

25 ions than the polymer-drug reaction product. 
Where die drug or drug salt is only partly 
solubh, the Ions in solution react with the 
poljTuer. As the rervCtion removes ions from 
solution, additional drug di55ol\Mes until the 

30 reaction is ccmplete. The dntg and polmer 
need not be reacted in stoichiometric propor- 
tions. Thus an amount cf drag over and above 
that which can react with the polymer may be 
used. The presence of such a drug fraction in 

55 ccmporitions of the present invention, which 
is physically and mechanically entrapped, i.e., 
which is no: chemisorbed to the poKmer, and 
which is nor, in general- involved in the ionic 
charge disripation of the pohiner emulsion to 

40 bring a'rout co?.gulation of the emulsion, may 
be uxWlzid to: 

1. Increase the overall rate of drug release, 
if such phj-sicaly and mechanically en- 
trapped drug has good solubilit\' proper- 

45 ties in the upper gastro-intestinal tract, 

2. Decrease the overall rate of drug release 
from the final composition, if the 
mechsnically entrapped fraction does 
not have good solubilit\^ properties in 

50 the upper gastro-inrestinal tract, or, 

3. Permit use cf a drug which is in a form 
which can only be mechanically en- 
trapped to be combined in this process 
along with the same or a different drug 

55 which can be molecolarly trapped, to 

increase the overall drug concentration 
of the final composition to above 60%, 
which is the usual upper limit of drug 
concentratFCn which can be obtained by 

60 moleailar scale sorpncn of drug from 

a solurion, or to permit useful combina- 
tions of drugs," each with its own 
designed controlled release rate. 
The addition of a drug or drug salt which 

65 is not in solurion or which cannot go into 



solution readily in the polymer emulsion or in 
a solvent which is misciblc with the polymer 
emulsion and which cannot be trapped other 
dian by mechanical means is not usually a 
primar\' goal of this invention, since such en- 70 
trapme'nt would be less uniform and reliable ' 
dian the main feamrc of this invention, i-e., 
molecular to ionic scale drug sorption from 
solution. However, the combination of molecu- 
lar scale drug sorption and gross physical scale ^j- 
entrapment may also be employed in the 
practice of the present invention. 

In one preferred embodiment of the inven- 
tion, the drug is added to a considerable 
e:vce?s of the pohTner. Certain drugs must be 80 
administered in 'highly accurate unit doses 
each containing only a few micrograms of 
drug. Too little of such a drug in each dose 
unit' mi^t result in failure to treat the disease 
while an excess of drug over the desired 85 
cmount may lead to a greater incidence of 
unwanted side effeas or to dirca acute 
toxicitv. Also where the difference between 
an effective dose and a toxic dose is sii^t, 
extreme precision in formulation is essential. 90 
Present techniques of mechanically blending 
finelv ground powders obviously present prob- 
lems in accurately conu'olling the level of 
active ingredient in each unit dose. Variables 
include the particle size to which the drug has 95 
been reduced, the relative particle size dis- 
tributions of drug and pohmer and the uni- 
fcrmir\- of panicle-particle mixing. The pres- 
ent invention can permit easy and precise con- 
trol of drug dispenion and much more uni- 100 
form drug distribution which is predicated on 
phvsico-chemical principles rather than 
mechanical factors. This may be accomplished 
by contacting an aqueous solution of the drug 
and acid with a considerabl* excess of poly- 105 
mer. The drug, being in solution, will be dis- 
tributed throughout the emulsion as separate 
molecules or ions which statistically will be 
randomlv distributed throughout the polymer. 
Thus, instead of dividing one gram of drug 110 
into 100,000 approximately equal particles by 
5ne milling, the present invention can permit 
hiRhlv uniform distribution of the drug as 6X 
id-'' molecules/mole throughout the polymer, 
e.g., at n level of one gr^m of 115 
dsnz ^^T kilajznm of polymer, thus simpli- 
fying the problem for the formulator, greatly 
improving the reliability of mixing, and reduc- 
ing the ^macs of dispersed drug by many 
orders of magnitude. A typical drug with a 120 
molecular weight of 300 would produce 2X 
10=^ moiecules" or ions for every gram in solu- 
tion as compared to IXIO'' to ixlO* milled 
particles per gram. 

As previously stated, the drug may most 125 
commonly be entrapped at a molecular scale 
level when combined with the polymer emul- 
sion as an aqueous or primarily aqueous solu- 
tion of the drug salt. However, in some cases, 
it may be more convenient to combine the drug 130 
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in its free base or acid non-salt form and the 
free carbosylic acid with the polymer emul- 
sion, the free base being added as an aqueous 
solution, organic solvent solution or aqueous 

' dispersion. If the drug base is slightly soluble, 
as is phenylpropanolamine, the drug as an 
aqueous solution may be combined with the 
polymer emubion. Most cationic drugs in free 
base form or anionic drugs in add form are 

10 water insoluble, and may be added to the 
polymer emulsion direcdy as the oily liquid 
or insoluble powder free base or acid form, or 
as a dispersion of the free base or acid in an 
aqueous medium, or as a solution of the free 

15 base or acid in an organic solvent which does 
not interfere with the drug-polymer reaction. 
As previously described, the most advan- 
tageous form of addition is frequendy for the 
drug to be in its maximally disposed form, i.e., 

20 in solution. 

Since the pH of the most physically stable 
polymer emulsions containing a poljmer with 
an acidic functional group is acidic, a drug 
base which is combined with such polymer 

25 emulsions will be converted, at least in part, 
to die drug salt form, (ionized species), and 
will be indistinguishable, as to process residt 
or final c»mposition diaraaeristics, from the 
process of final composition characteristics of 

30 adding die drug salt initially in solution. Of 
course, it will be appreciated that substantial 
conversion of die drug base to the ionized 
species must occur before coagulation of the 
polymer dispersion is completed. 

35 The aqueous solution of dispersion pro- 
duced by contacting the drug and 
polymer as described may be used 
as such for formulating a pharma- 
ceutical composition, for example by 

40 adjusting die pH or adding coloring and/or 
flavoring agents. It is preferred, however, to 
separate the reaction product from the liquid 
phase and then formulate die product into a 
tablet, powder or similar pharmaceutical com- 

45 position using conventional procedures and 
compounding ingredients. Where the product 
is itself insoluble, it may be readily separated 
for example by filtration or cent/ifugation. 
Other procedures for separating die drug-poly- 

50 mer product involve coagulation as by the 
addition of a suitable elecnolyte or polymer 
of suitable electric charge, followed by filtra- 
tion or centrifugation; spray drying; freeze- 
diying or vacuum evaporation. 

55 The techniques of addition of a non-drug 
electrolyte to accelerate the coagulation pro- 
cess may be preferably employed either where 
low quantity levels of drugs are being en- 
trapped (10% or less and usually 2% or less 

60 drag in final dry polymer-drag product) which 



will not in and by diemselves reach the 
requisite flocculation value of the polymer 
emulsion, or where complete drag sorption is 
not desirable due to the desire to avoid an 
excessively retarded drug release. The floocu- 65 
lation value (concentration of ion required to 
produce visible coagulation following some 
specified time interval, usually 5 or 10 min- 
utes), for a given ion, varies widely for differ- 
ent anionic or catronic polymer emulsions* 70 
Faaors involved include intensity of charge on 
the polymer colloidal particles, pH, odier addi- 
tives ^ or stabilizers, temperature, agitation, 
addition of desolvating solvents and other 
effects. Likewise the quantity of different drugs 75 
required to produce coagulation of a sin^e 
polymer emulsion varies widely as does the 
concentration of electrolyte. The first case 
above, addition of non-drag electrolyte to 
accelerate coagulation at low quantity levels of 80 
drags, is the usual cause for adding additional 
non-drag electrolyte. It is noted that poly- 
valent cations are most effective in coagulat- 
ing anionic colloids and, when used, wiH be 
present in the final composition. Electrolytes 85 
such as magnesium sulfate, sodium phosphate 
and aluminum diloride have been found par- 
ticularly effective as coagulants in the practice 
of the present invention. An anionic polymer 
latex may also be used to coagulate a cationic 90 
polymer latex, and a cationic polymer latex 
to coagulate an anionic polymer latex. 

If tile coagulated drag-polymer system is 
not immediately separated from the liqtiid 
phase, m many cases only an insignificant 95 
quantity of ±e drag will return to the solu- 
tion, i.e., become dcsorbed. Thus, where the 
reaction product was not separated from the 
aqu«>iis phase for 72 hours, only a negligible 
quantity of drag was found to return to the 100 
aqueous phase. 

The drag-sorption interaction rate between 
certain drags and polymers of die present in- 
vention is rapid, equilibrium bemg reached 
'.vithin one-half hour or less at room tem- 105 
perature (about ZO'^C). Chemisoiption thus 
appears to occur rapidly, with subsequent 
desorption occurring, under flocculation con- 
ditions, very slowly, if at all, depending upon 
the concentration of drag and polymer. 110 

The polymers of the polymer emulsion sys- 
tems found useful in the practice of the inven- 
tion exhibit hydration, as evidenced by 
swelling or solubility characteristics, in the 
physiological pH range of gastro-intestinal 115 
juices of fluids at normal body temperatures 
(37°C.). The solubility rate of a typical poly- 
mer exhibiting a delayed or sustained release 
partem is shown in Table 1. 
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Table I 

Rate of Solubility of Latex A* 



Total Hours Immersed 


Cumulative % 
Dissolved 


pH of Fluid 


1 


7A 


1.4 


2 


7.1 


1.4 


3 


7.7 


2.1 


4 


7.7 


2.6 


5 


11.2 


5.5 


6 


60.0 


6.9 


8 


100.0 


7.4 



*Latcx A is an acrylic copolymer containing about 35% 
carboxylic acid functionality. Itis available from the Rohm 
and Haas Company Philadelphia under the Trademark 
AcRYSOL ASE— 75. The latex contains 40% solids. 



Temperature also does not appear to have 
any substantial effects on the sorption process 
itself. Thus the reaction between Latex A 

5 and methap}Tilene proceeded with equal 
effectiveness at 4^ and at 25^C. For con- 
venience, the process of the invention would 
normally be carried out at room temperature. 
However, where the solubility or stability of 
the drug is a factor, higher or lower tempera- 

10 Hires for example from C'C. to lOO^C. may 
be used as appropriate. 

The drug-polymer dispersion ^stem which 
is obtained from the present sorption process 
may conveniently be separated from the re- 

15 maining bulk phase or supematent liquid by 
conventional processes as described, followed 
by drying and milling to a granular or fine, 
free-flowing powder, which can readily be 
encapsulated or tablettcd in oral dosage form 

20 or suspended in a liquid vehicle. 

Any convenient drying process may be used 
to obtain the dry produa, whether direct heat, 
vacuum, spray, or the like. It is noted that 
drying temperatures which exceed the glass 

25 point of the polymer serve to density the poly- 
mer-drug system composition. Such densifica- 
tion may have the effect of retarding drug re- 
lease by reducing effective total release site 
surfaces. 

30 The sorption process permits eflScient use of 
drugs adsorbed from solution. The filtrate 
remaining following recovery of the floccu- 
late may be reused, with or without the in- 
corporation of additional drug. The efficiency 

35 of utilization of drugs, following repeated 
flocculation of the filtrates remaining from 
[nevious flocculate separations without the in- 



corporation of additional drug, is shown by 
comparative tests to be in some cases many 
times greater by the practice of the present 
invention. Thus, using maleic acid as the 
additive acid, ibc concentration of drug can 
be reduced from 10% to 0.373 in only two 
flocculations. Witiiout the additive acid, at 
least three, and generally four, flocculations are 
required to accomplish the same drug re- 
covery. 

The addition of a non-drug electrolyte along 
with the drug and acid to the polymer emul- 
sion may be preferably employed to acceler- 
ate the coagulation process, either where low 
quantity levels of drugs are being entrapped 
(10% or less and usually 2% or less drug in 
final dry polymer-drug produa) which will not 
in and by themselves reach the requisite floccu- 
lation value of the polymer emulsion, or where 
complete drug sorption is not desirable due 
to the desire to avoid an excessively retarded 
drug release. Pol}'valent cations are most effec- 
tive in coagulating aniom'c colloids (Schultz- 
Hardy Rule) and when used, will, thus, be 
present in the final composition in a low con- 
centi^tion as a contaminant. Electrolytes, 
such as magnesium sulfate, sodium phosphate, 
and sodium chloride, have been found particu- 
larly effective for this purpose in the practice 
of the present invention. 

Preferred embodiments of the invention will 
ROW be more particularly described, for the 
purposes of illustration only, in the following 
Examples. 

Example 1 
Aqueous drug solutions were prepared from 
methapyrilene salts. To 50 ml. portions were 
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added 50 ml. of latex A (defined previously were assayed, and the amount of drug in the 
herein) with constant stirring. The resulting filtrate and fiocculant were determined. The 5 
mixtures were suction-filtered^ the filtrates tests are summarized in Table 2. 

Table 2 



% Of Initial Drug 



Initial Drug Solution 




In 
Filtrate 


In 

Floocculant 


Methapyrilene HCL 


0.07 Molar 


45.8 


54.2 


Methapyiilene HQ. 
Sucdnic Add 


0.08 Molar 
0.08 Molar 


36 


64 


Metibapyrllene HCL 
Succinic Add 
NaOH 


0.08 Molar 
0.08 Molar 
0.08 Molar 


9 


91 


Methapyrilene Succinate 


0.08 Molar 


9 


91 



The effect of the dicarboxylic add or of the 
dicarboxylate drug salt on the concentration 

10 of drug entrapped by the polymer in the pres- 
ence die dicarboxylate or dicarboxylic add 
compound is apparent. Only about 54% of 
the drug in the 0.07 Molar drug hydro- 
chloride solution was sorbed and swept from 

15 ' solution, while over 90% of the drug carb- 
oxylate (succinate) was sorbed under the same 
conditions, except at a higher drug solution 
concentration (0.08 Molar vs. 0.07 Molar). It 
should be recognized that the proportion of die 

20 initial drug found in the fiocculant generally 
decreases with an ina-ease in the initial drug 
concentration. 

Example 2 
Following the foregoing procedures, 100 ml. 
25 of drug solution were added to 100 ml of 



polymer emulsion, the flocculated mass was 
mixed for 30 minutes at room temperature, 
and this was followed by vacuum-aided filtra- 
tion and drying. 

Table 3 data shows clearly the chemical 30 
affinity between the carboxylic acid drug salts 
and the pol3aner, since 80 to 90% of the carb- 
oxylic acid salts were removed from the drug 
solution while only about 50% of the hydro- 
chloride salt was removed by the flocculation 35 
process. The succinate salt had a remarkable 
affinity for the polymer, and was entrapped 
with less than 2% loss in the case of the 2% 
drug solution. The adipate salt as a 2% drug 
solution failed to flocculate the polymer witii- 40 
out employing an added electrolyte, e.g., 5% 
Mg SO.i and the concentration of chlor- 
phem'ramine adipate was therefore increased to 
5%. 
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Tables 

Effect of Acid Anion, upon the Sorption of 
qllorpheniramine by acrysol ase— 75 



Acid AmoQ 
Moiety 


Initial Cona 
of Drug Soln. 

To w/v 


% of Initial 
Drug Sorbed 


% Drug in 
Diy Flocculant 


Hydrochlotide 


2 


54 


3.3 


iVIaleate 


2 


91 


3.7 


Oxalate 


2 


80 


3.7 


Malonate 


2 


90 


3.9 


Succinate 


2 


98 


4.5 


Succinate 


5 


93 


10.0 


Succinate 


10 


86 


17.5 


Adipate 


5 


96 


10.4 



Example 3 bottle, vrfiich was rotated at 37° for the times 10 

To show the dfect of drug salt form and specified, prior to assay. The release dharacter- 

dru? concentration, several different drug-add istics arc shown in Table 4. In the table, 

5 salt combinations were prepared and floccu- "S.CF." refere to simulated g^c ftud 

lated with poh-mer (Acr>-sol ASE-75) as de^ U.S.P., with enzj-me ommd; Buffer rcfeis 

cribed previously. These were then tested for to U.S.P. phosphate haSer, pH 4.5, and 15 

release rate bvpladng 5 Gm. of pol5imer-drug "S.I.F." refers to simulated mtesnnal flmd 

material in 50 mL of fluid in a 3 oz. round U.S.P., with enzyme omitted. 



9 



i;278,816 



9 



Table 4 



Drug Salt 






%Drug Released in 


Final 


Form and 


Suspension 




Hours 


Suspension 


Concenttation 


Media 


24Hrs. 


48 Ks. 120 Hrs. 


PH 


Chlorpheniraimne Salts 








Succinate 


s.aR 


57 


62 69 


1.4 


4.3% 


Buffer 


3 


3 3 


4.1 




S.I.F. 


99 


97 


7.1 


Succinate 


S.G.F. 


86 


84 84 


1.4 


10% 


Buffer 


12 


12 12 


4.5 




SJ.F, 


91 


97 


7.4 


Succinate 


S.G.F. 


81 


83 85 


1.4 


18.9% 


Buffer 


18 


19 21 


4.9 




S.I.F. 


89 


94 


8.0 


Hydrochloride 


s.aF. 


38 


36 38 


1.4 


3.5% 


Buffer 


8 


8 9 


3.2 






66 


74 


6*9 . 


Oxalate 


S.G.F. 


50 


56 56 


1.4 


4.3% 


Buffer 


6 


6 6 


3.8 




SIF 


86 


92 


7^0 


Malonate 


S.G.F. 


62 


67 68 


1.4 


4.1% 


Buffer 


5 


5 5 


3.6 




S.LF. 


88 


98 


7.0 


Maleate 


S.G.F. 


55 


58 67 


1.4 


3.9% 


Buffer 


5 


6 6 


3.9 




S.LF. 


91 


100 


7.0 


Adipate 


S.G.F. 


82 


81 85 


1,4 




Buffer 


10 


10 10 


4.4 




S.I.F. 


92 


95 


7.7 


Alethapyrilene salts 








Hydrodiloride 


s.aF. 


56 


65 


1.8 


3.2% 


Buffer 


7 


7 


4.0 


Fumarate 


S.G.F. 


46 


62 


1.7 


2.5% 


Buffer 


10 


8 


3.6 


Succinate 


S.G.R 


64 


65 


1.8 


3.3% 


Buffer 


5 


3 


4.3 



The relationship between drug release and 
drug concentration in die polymer-drug system 
is clearly shown by the three chlorphemr- 

5 amine sucdnate systems in the phosphate 
buffer. Ordinarily polymer-drug systems would 
not be prepared containing more than 10% 
of an antihistamine drug, based on the dose 
of such drugs. The release data of carboxylic 

10 acid drug salts correspond closely to the^ en- 
trapment data and to die probable order of 
drug salt affinity for the polymer. The degree 
of release may be arranged as follows: Adi- 



pate, Succinate;, Malonate, Maleate^ Oxalate 
and H3rdrochl(mde. 15 

The dialysis release of the polymer-drug 
system of Acrysol ASE — ^75 was investigated 
to determine whether drug would be perman- 
endy bound to the polymer. The polymer per 
se did not dialyzc through the semi-permeable 20 
membrane employed, but the drug did freely 
dialyze. The dial5^is release of the polymer- 
drag entrapment system was then determined, 
and died rug was observed to be from 87% 
to 98% available for dialysis. In other words, 25 
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10 



15 



20 



25 



30 



equilibrium dialysis analysis indicated that as 
little as 2% of die entrapped drug, and not 
more than 13% of the drug is permanently 
bound by the polymer, and would be unavail- 
able for absorption. Thus, for example, a 
chloiphem'ramine maleare-polymer system re- 
leases drug at a substantially slower rate in 
gastric juice than the hydrochloride system 
even though the maleate drug salt and hydro- 
chloride drug salt may have nearly identical 
aqueous solubility properties, the concentra- 
tion of maleate drug salt in the entrapment 
matrix is higher, and a smaller sample can be 
used in the release determination. AU these 
factors should cause a more rapid rdease of 
chloiphem'ramine maleate; The slower release 
of the chlorpheniramine salt is the result of 
polymer-drug interaction, which is less pro- 
nounced or non-existant in the case of the 
hydrochloride. 

The dialjrtic release rates in intestinal fluid 
aie higher for the maleate than for the hydro- 
chloride, but this data is difficult to interpret 
due to the solubilization of the polymer at the 
pH of intestinal fluid. The dissolved polymer 
produces a very viscous solution in the dialysis 
sacs and probably also tends to block the 
pores of the membrane. 

The effect of the polymer-drug ratio on 
dialytfc rdease rates is also significant. A 

Table 5 



chlorpheniramine maleate-polymer product, 
comaining 96.7% polymer and only 3.3% 
drug, releases only a fraction of the drug after 
24 hours that is released by a 16.7% drug 
product. The polymer-drug ratio appears to be 
a very useful variable to alter drug release 
rates. 

The dialysis tests illustrate ±e substanually 
complete drug availability whidi can be ob^ 
tained from this invention. Permanent drug 
binding which would prevent the drug from 
being available to the body would be undesir- 
able since the drug dosage would have de- 
creased effeaiveness. 



Example 4 
To further demonstrate the release of chlor- 
pheniramine maleate from polymer, 5.0 Gm. 
of chlorpheniramine maleate-Acrysol ASE— 
75 flocculate product, containing 3.7% drug, 
as a 60 mesh undersize powder, was suspended 
in 100 ml. of vehicle in a 4 oz. reagent bottle. 
The bocdes were shaken vigorously initially 
and once each day over the test period. The 
results of the periodically assayed products 
are given in Table 5. The data indicates pre- 
mature drug leach-out in liquid vehicles is 
controllable and liquid suspension sustained 
release products are feasible. 
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Release of Chlorpheniramine Maleate from an Acrysol A4atrix in Various 
Buffers and Vehicles 



pHof 



Cumulative % Drug 
Release in Days 



Vehicle 


prepared 
Suspension 


2 


7—8 


14—15 


30 


Phosphate BufiTer, pH 4.5 


4.3 


2.4 


2.5 


2.3 


3.6 


Phosphate Buffer, pH 6.0 


5.6 


0 


3.8 


4.2 


3.6 


Phosphate Buffer, pH 8.0 


6.1 


32.3 


42.4 


45.3 


60.0 


Orange Syrup U.S.P. 


_ 2.4. . 




?0 


2.4 


2,7 


1% Qtric Acid Solution 


2.3 


11.7 


23.1 


27.0 


35.4 


Distilled Water — continuously 
stirred for 30 days with magnetic 
stirrer 


3.3 


6.4 


7.1 


7.5 


9.6 


Distilled Water 


3.3 


4.6 


6.2 


6.8 


7.0 


Standard Soln. 200 mg. dry 
drug-maleate per 100 ml. of water 


4.5 


100 


100 


100 


100 



60 As is shewn, drug release is retarded be- 
tween pHs of about 2.5 and 5.6 to 6. Con- 
tinuous stirring of a distilled water suspension 
over a 30 day period produced no increased 



release over a similar suspension which was 
only shaken daity- Release thus is a controllable 65 
factor. 
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Example 5 
Sorption of an antihistamine dicaibozylic 

add drug salt 
In a further example, 2 gm. of cfaloiphenir- 
5 amine succinate is mixed in 50 ntf . of water 
and stirred constantly. To this mixture is 
added 50 ml. of an aciylic-acrylate copolymer 
emulsion (Acrysol ASE— 75)— (a caiboxyl to 
ester ratio of about 2:5) over a 10 minute 
10 period at room temperature. The flocculated 
mixture is then snrred for approximately 30 
minutesj filtered with suction and dried The 
dried flocculate and filtrate were then assayed 
. for drug content. It was found diat the amount 
15 of drug in the filtrate (not entrapped) was 
1.7% and the amount of drug in the flocculant 
(entrapped) was 98.3% of that originally pres- 
ent. TTie produa may be encapsulated or 
direcdy tableted to produce a sustained release 
20 product, or suspended for a liquid prwiucL 

.Example 6 
Sorption of a drug hydrodiloride in die pres- 
ence of a dicarboxylic add and an equimolar 
quantity of base 



25 Ingrecfients 



Amount 



Phenylephrine hydrochloride 5.0 gram 

Maleic acid i,^ g^m 

Sodium hydroxide l.Q gram 

Distilled water ' 500 ml 
30 Neooyl BT4— (Anionic Acrylic 

Copolymer emulsion) 50.0 nd. 

The phenylephrine, maleic acid and sodium 
hydroxide are dissolved in 50 ml. of water 
at 25°, and adde_d slowly (withk about one- 

35 half minute) with constant sumng to the poly- 
mer emulsion (also at 25% Ncocryl BT4. The 
resulting product is filtered and dried. The 
presence of die sodium hydroxide is to pro- 
mote solubility and ionization of die dicarb- 

40 oxylic acid in the drug solution. The product 
can be made into a sustained release suspension 
m the following maimer: 



Ingredients 



Amount 



Phenylephrine product 1.00 gm. 

45 Glycerin lo.oo ml. 

Sodium Caiboxymediylcellulose 2.00 gm. 



Methyl paraboi 
Propyl paraben 
Sugar syrup, USP 
Imitation cola flavor 
Soluble lemon-Hme flavor 
Purified water, USP q.s. 



0.0625 gm. 
0.0125 gm. 
50.0 ml. 
0.1 ml. 
0.03 ml. 
100,00 ml. 



Ingredients 



Amount 



50 



The parabens are dissolved in the glycerin 
with the aid of heat and the sodium carboxy- 
methylcellulose added to the glycerin sohition. 55 
The glycerin mixture is ihen added to a water- 
syrup-phenylephrine mixture and stirred until 
evenly suspended. The flavors are added and 
the suspension brougjit to the desired volume 
by addition oi sufficient water. 60 

Example 7 

Sorption of drug hydrodMoride in the presence 
of monocaxbo^Iic add 



65 



Phenylpropanolamine Hydro- 
chloride 20.0 gm. 
Acetic Add Equimolar Quantity 
Purified Water U.S.P. 100,0 ml. 
Acrysol ASE 75 100.0 ml. 



Tl^ drug is dissolved in die water at room 70 
temperature (25^), die add added and tiiis 
solution rapidly combined (poured directly 
together within 15—20 seconds) vwth the 
polymer emulsion, also at 25°, with stirring. 
The resulting flocculate is suction filtered and 75 
oven dried at 37°C The resulting product 
contained 9.7% drug and provided a sustdned 
release in man corresponding to a biological 
half life detenmned by urinary excretion, 
averaging 8.5 hours. The average biological 80 
half-i^e of the omtrol, i.e., non-entrapped, 
unmodified U.S.P. drug hydrochloride vras 4.7 
hours. 

Example 8 

Data for a straight non-dialytic solubility 85 
release of a chlorpheniramine maleate-poly- 
mer system were obtained as a function of par- 
ticle size. Half gram samples of each poly- 
mer-drug particle' size' fraction were placed 
in dther 50 ml. of gastric or 50 ml. of intes- 90 
tinal fluid, and were rotated and assayed at the 
tim^ specified. Table 6 illustrates that the 
particle aze has littie effect on release rate. 
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Table 6 

EoraUBBTOM SOLBBILITY RELEASE OF ChLORPHENIKAMINE MaLEATE FROM AN 

Afxtsot ASE-75 Floccblant System (4.1% Drug) in Test Media as 
A FtJNcnoN OF PAimciE Size 
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Paxticle Size 
(Sieve Fraction) 


% Drug Released in 24 Hours 
'atpHl.2 atpH7.4 


% Released in 
96 Hours at pH 
of 1.2 


30 Mesh oversize 


62 


91.5 


67 


30/40 Mesh 


65 


92.0 


70 


40/60 


67 


91.0 


72 


60/120 


69 


92.5 


75 


120/170 


71 


90.5 


75 


170/230 


75 


92.5 


80 


230 Undersize 


77 


91.0 


80 



Even though there is a promoted sorption, 
binding and entraonient of the carboxviic acid 
drug salt by the polymer, 90% or more of the 
drug was available in intestinal fluid m the in- 
vitro test, and particle size had a small effect 
on equilibrium solubility of the sieve fracdons 
in gastric media, but not in intestinal media. 

Example 9 

Entrapment of a soluble and an insoluble salt 
form of the same drug 

Amount 



Ingredients 

Chlorpheniramine Pamoate 

(insoluble Salt) 
Chloipheniramine Succinate 

(Soluble Salt) 
Water, Purified 
Neoc^l BT4 Charge. 

Product. 



.2.0 Gm. 

2.0 Gm. 
100.0 Ml. 
100.0 Ml. 

% Solids 



Disperse the pamoate salt in the polymer 
emulsion, dissolve the succmate salt m the 
water, and add the polymer emulsion slowly 
to the aqueous solution with stirring. Separate 
the coagulated material by filtration, diy and 
grind to size. The chlorpheniramine pamoate 
is mechanically and grossly entrapped; the 
chlorpheniramine succinate is ionic to 
molecular scale entrapped. The release rate 
rdissolution release rate) in gastric fluid of the 
resulting produa is between 33% and 50% 
slower than that observed in the polymer drug 
produa containing only the soluble dilor- 
pheniramine succinate salt at the same con- 
centi-ation level. 

Poljmer emulsions in cross-linked form are 
also commercially available— some of M*ich 
contain residual COOH groups. 
Examples: 

% COOH on Solids 



20 



25 



30 



35 



Aciysoi ASE 60 27.7 
Acrysol 108 20.0 
(Products of Rohm and Haas Co.) 

Socalled self-crosslinMng polymers such as 
X— Link 2802, sold by National Starch and 
Chem. Corp., N.Y., N.Y., are also commer- 
cially available— which have been found use- 
ful in the practice of the present invention. 
Use of such materials is ilustrated by the fol- 
lowing example. 



21 
36 



2000 ml. 



Example 10 



Ingredients 



Pyrilamine Maleate 
Magnesium Sulfate 
50 Purified Water 



Amount 

100 Gm. 
50 Gm. 
750 ml. 



Acrvsol ASE--60 
(Modified acrylic, partially cross- 
linked, polymer emulsion contain- 
ing anionic surfactant, 28% w/w 
solids, pH 3J, Rohm and Haas 
Co.). 

Dissolve the first two ingredients in the 
water, add slowly with stirring to the polymer 
emulsion, separate, dry and mill 

In die following examples, all of the com- 
ponent except the polymer are first dissolved 
in water, the resulting solution is added slowly 
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with stirring ta t% polymer emulsion, and the 
flocculate is separated by vacuum filtering, 
dried at 50^C and milled to size. 

Example 11 



5 Ingredients Amount 



Atropine Sulfate 10 Gm. 

MalMiic Acid 20 Gm. 

Magnesium Sulfate 15 Gm. 

Distmai Water 200 mL 

10 Aciy9olASE95 500 ml. 



(Modified acrylic polymer emulsion, 
20% solids w/w, pH 3.0, Rohm and 
Haas Ck>.). 

Example 12 

15 Sorpdan of an amphoteric drug (hydrochloride 
salt form) facilitated by dicaiboxylic add em- 
ploying polymer emulsion 



Ingredient Amount 



Oxycetracycline Hydrochloride 250 Gm. 

20 Succinic Acid 120 Gm. 

Sodium Hydroxide 40 Gm. 

Water 2000 ml. 

Emulsion 4— E J S— 35 2000 ml. 



(An polymer emulsion containing 
25 anionic surfactant composed of eth]^ 
aciylate and aciylic add in a 60: 40 
ratio). 

Example 13 
Sorption of an amphoteric drug (sodium salt 
30 form) faciEtated by a dicarboxylic add em- 
ploying a polymer emulsion 
Ingredients Amount 



OxytotracycKne Disodixmi Salt 
Dihydrate 100 Gm. 

35 Maieic Add 50 Gm. 

Water 600 ml. 

Acri-Flo 150 

(A styrene-aaylic pol5Tner emulsion 
containing a non-ionic surfactant, 
40 Chemical Division of General Tire 
and Rubber Co., Akron, Ohio). 

Example 14 
Sorption of anionic drug by a polymer with 
the aid of a di-fmictional cadon 



45 Ingredients Amount 



Phenobaibiial 150 Gm. 

Aminoacetic acid 50 Gm. 

Purified Water 800 ml. 

Rhoplex AC— 200 1000 ml. 



50 (Modified aciyHc, polymer emulsion 
containing a non-ionic surfactant, 
46% solids, w/w, pH 9—10). 

In a series of in viva tests on human sub- 
jects, the phenylpropanolamine acetate-poly- 

55 raer product of Example 7 was utilized and 
compared with U.S.?. phenylpropanolamine 
suspended in simple syrup. The effective drug 



dosage was 50 mg. in each instance. The 
duration of effectiveness for the drug-poly- 
mer product was ahnost twice that of the 60 
U.S.?, drug, with an average urinary excre- 
tion half time of 8 hours for the former as 
compaied to 4—3/4 hours for the latter. 
AddiiaonaUy, substantially more variations in 
drug availaWKty and eh'mination was ob- 65 
served with the U.S.?. drug. 

Tableiiting the polymer-drug product re- 
duces release rates^ provides an additional 
means of controlling release, and permits the 
use (rf higher drug concentratiwis while re- 70 
taining satisfactory release rates. The dissolu- 
tion of the resultant tablets can be made to 
occur at various time intervals; with excellent 
uniformity in percent of hourly drug release. 

As exemplified, drug release in a gastric 75 
environment can also be controlled by the use 
of a combination of soluble and insoluble drug 
salts. To reduce the percentage of drug re- 
leased m gastric contents a hi^er ratio of in- 
soluble to soluble drug salt may be emptoyed. 80 
All of the drug will be physiologically available 
in the intestinal environment due to the 
gradual but complete solubflity of the poly- 
mer m that environment. 

In the preferred product of the invention, 85 
the caiboxylic add-^g combination is 
evenly distributed throughout the polymer 
matrix, the drug remained assodated to the 
polymer without alteration after high speed 
milling in a comminutor, and is contamed in 90 
the various particle size fractions in the same 
concentration. This is a further advantage of 
the invention and suggests other appUcations 
for the invention. Polymer matrices used as 
diluents permit the preparation of drug or 95 
other active ingredient dOutions, in a level of 
uniformi'ty not achievable in standard powder 
mixtures. The various particle size fractions 
of the entrapped active ingredient-polymer 
systems may be identical in percentage com- 100 
position of the active ingredient. This is not 
usually the case for standard powder dilutions, 
where it is a rule of powder mixing technology 
that ihe active ingredient and excipient diluent 
have ^proximately the same particle size. 105 
Even this does not ensure a umform powder 
dilution ance surface charges, electrostatic 
eflfects or other physico-chemical phenomena 
may prevent the preparation of uniform dis- 
tribution powder dflutions. These problems HO 
can be avoided when this invention is used to 
provide molecular to ionic scale dispersion 
(not possible in powder mixtures) of active 
ingredients throughout a polymeric vehicle. 

By the present invention, drug may be pres- 115 
ent in the resulting dried polymer flocculant 
in amounts of from 0.5%, or less, to 60%. No 
lower limit has been found by the Applicants 
for the level of drug concentration which may 
be unifoiroly sorbed based on the molecular- 120 
to-ionic-scaie drug sorption. Levels of drug 
concentration of 0.001% and less have been 
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unifonnly and sucacessfully soiitcd, wi4 or 
without coagulation of the polymer colloid 
being employed to extract the polymer. At 
levels of drug concentration below about 3 

5 to lOV, in the diy poljiner-drug system, it is 
possible, depending on the flocculation value 
of the drug and on the stability of the poly- 
mer colloid, to sorb drug without flocculating 
the sj'stem. To obtain a dry polymer-drug 

10 system, in such cases, ultracentrifugation, 
freezing or other mechanical means may be 
used to separate the polymer from die bulk 
phase, followed by drying. 

It win be recogm*sed from the examples and 

15 discussion that the polyfunctional adds, e.g., 
gli-dne, adipic add, and the like, and par- 
ticularly the polycarboxylic adds, e.g., succinic 
acid, etc., are preferred. These are capable of 
serving bodi as protective electrolytes and as 

20 bridging amons in improving the pharma- 
ceutical products. The monofunctional adds, 
e.g., acetic add, while providing improvement, 
are not able to provide the bridging effect 
which contributes so significantly to the pres- 

25 ent invention. 

Reference is hereby made to my copending 
AppUcation Number 43480/69 (Serial No. 
1278817). 

WHAT I CLAIM IS: — 

30 LA controlled release, orally administrable 
pharmaceutical composition comprising a 
drug having acid or basic functionality chemi- 
soibed to latex particle of a physiologically 
harmless polj-mer that is hydratable in the 

35 gastro-intestinal tract and has add or basic 
funciicnality complementary to the func- 
tionality of the drug, and at least one 
physiologicaMy harmless carboxylic add 
chemisorbed with the drug to the latex par- 

40 tides, the composition eidiibiting more pro- 
longed release at a buffered pH of 4-5 than 
a corresponding composition free of the add. 

2. A composition as daimed in Qaim 1 
wherein the add contains at least one amino 

45 and/or hydroxy ^itnip. 

3. A composition as claimed in Claim 1 or 
2 wherein the add is a poIycarboxj'Uc add. 

4. A composition as claimed in any pre- 
ceding Claim, wherein the add is a water 

50 soluble, aHphadc dicarboxyUc add. 

5. A composition as claimed in any preced- 
ing Claim, wherein the polymer is an acrylic 
polymer having add functionality and the drug 
is a basic drug containing at least one basic 

55 nitrogen-containing group. 

6. A composition as claimed in any pre- 
ceding Claim, wherein the carboxj^hc add is 
present in a substantially equimolar concen- 
tration with respect to the amount of drug. 

60 7. A composition as claimed in any preced- 
ing Claim, wherein the polymer is an emulsion 



poljrmer contaim'ng units from (a) one or 
more of acrylic acid, methacrylic add, crotomc 
acid, itaconic add, maleic add, half-esters of 
maleic add, maleic anhydride, sulfonated 65 
st>Tene, and phosphonated styrene aiid (b) 
one or more of vinyl acetate, vinyl propionate, 
vinyl etiier(s), hydroxyethyl mediacrylaie, 
acrylcnitrile, cdiylene, st>Tenc, vinyl chloride, 
lower alkyl acrylates and lower alkyi meth- 70 
acrylates. 

8. A compositjpn as claimed in any pre- 
ceding Claim, which contains drug entrapped 
in the polymer particles. 

9. A composition as claimed in Claim 8 75 
in which tlie entrapped drug differs from the 
chemisorbed drug. 

10. A composition as claimed in any pre- 
ceding Claim, in the form of a liquid sus- 
pension or a dry soHd. 80 

11. A composition as claimed in any pre- 
ceding Claim in imit dosage form.^ 

12. A composition as claimed in Claim 1 
substantially as described in any one of the 
foregoing Examples. 85 

13. A process for the preparation of a con- 
trolled release orally administrable pharma- 
ceutical composition wherein a drug is sorbed 
on poljTOcr particles in an aqueous latex, in 

the presence of a physiologically harmless 90 
carboxylic acid which is also sorbed onto the 
polymer. 

14. A process as claimed in Claim 13, as 
applied to the preparation of a composition as 
claimed in any of Claims 2 to 11. 95 

15. A process as claimed in Claim 13 or 14 
which includes the steps of 

(a) providing an aqueous latex of dispersed 
particles of at least one physiologically 
harmless polymer having addic func- 100 
tionality or basic functionality or both 
addic and basic functionality, the poly- 
mer being hydratable in the gastro- 
intestinal tract; 

(b) providing a dispersion of a drug, which 105 
is at least partially soluble in the dis- 
persing medium and has functi<mah*ty 
complementary^ to the functionality of 

the polymer, the dispersing medium 
being compatible widi said aqueous 110 
latex; 

(c) intermixing the latex and the drug 
dispersion to effea sorption of said 
drug to said polymer particles; 

(d) separating the particulate sorption pro- 115 
duct of (c); and 

(e) putting the sorption product into an 
orally admim'strable form, step (c) 
being carried out in the presence of 

the carboxylic add. 120 

16. A process as claimed in Claim 12 sub- 
stantially as described in any one of the fore- 
going Examples. 
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For the Applicant: 
D. YOUNG & CO., 
Chartered Patent Agents, 
9, Staple Inn, I-ondon, W.C.I. 
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